Purpose: Poor cardiorespiratory fitness (CRF) is linked to cognitive deterioration, but its effects on lipid heterogeneity and functional properties in older African American (AA) subjects with mild cognitive impairment (MCI) need elucidation. This study determined whether exercise training-induced changes in blood lipid particle sizes (LPS) were associated with CRF determined by VO 2 Max in elderly AAs with MCI. Given the pivotal role of brain-derived neurotrophic factor (BDNF) on glucose metabolism, and therefore, "diabetic dyslipidemia", we also determined whether changes in LPS were associated with the levels of serum BDNF. Methods: This analysis included 17 of the 29 randomized elderly AAs with MCI who had NMR data at baseline and after a 6-month training. We used Generalized Linear Regression (GLM) models to examine cardiorespiratory fitness (VO 2 Max) effects on training-induced change in LPS in the stretch and aerobic groups. Additionally, we determined whether the level of BDNF influenced change in LPS. Results: Collectively, mean VO 2 Max (23.81±6.17) did not differ significantly between aerobic and stretch groups (difference=3.17±3.56, P=0.495). Training-related changes in very lowdensity lipoprotein, chylomicrons, and total low-density lipoprotein (LDL) particle sizes correlated significantly with VO 2 Max, but not after adjustment for age and gender. However, increased VO 2 Max significantly associated with reduced total LDL particle size after similar adjustments (P = 0.046). While stretch exercise associated with increased protective large highdensity lipoprotein particle size, the overall effect was not sustained following adjustments for gender and age. However, changes in serum BDNF were associated with changes in triglyceride and cholesterol transport particle sizes (P < 0.051). Conclusion: Promotion of stretch and aerobic exercise to increase CRF in elderly AA volunteers with MCI may also promote beneficial changes in lipoprotein particle profile. Because high BDNF concentration may reduce CVD risk, training-related improvements in BDNF levels are likely advantageous. Large randomized studies are needed to confirm our observations and to further elucidate the role for exercise therapy in reducing CVD risk in elderly AAs with MCI.
Introduction
Cardiovascular disease (CVD) risk is associated with elevated risk of mild cognitive impairment (MCI), with the potential of progressing to Alzheimer's disease (AD) dementia [1] [2] [3] which is 10 times that in normal populations. 4 It is also increasingly recognized that systemic metabolites such as blood lipid concentration in AAs with MCI may associate more with the conversion from MCI to AD dementia than previously conceived. 5, 6 As shown in disorders of endogenous lipid metabolism and neurodegenerative diseases, 7 individuals with subclinical CVD are at a higher risk for dementia and AD. 8 Indeed,
several conditions known to increase CVD risks such as high blood pressure, diabetes, and high cholesterol levels are also associated with increased risk of cognitive deterioration, neurodegeneration, and Alzheimer's disease.
9,10
However, it is unknown whether higher rates of cognitive loss among elderly AAs are related to the relatively high burden of CVD. Growing evidence suggests that chronic renal failure (CRF) can influence serum BDNF known to promote decreased CVD risk and mortality, but this relationship needs more nuanced understanding, particularly in AA with MCI. In fact, Mendelian randomization suggests a causal protective role of BDNF in the pathogenesis of CVD. 11 However, possible interactions among exercise, serum BDNF, and cardiovascular disease risk have not been examined in AAs who suffer significantly higher rates of CVD and cognitive loss. Notably, regular physical exercise may increase BDNF level and reduce CVD risks by increasing brain perfusion and oxygen flow to the brain, with simultaneous reductions in blood lipids 12 and increased BDNF levels. 13 Though older AAs suffer higher rates of CVD and concomitant memory loss, it not known if exercise can promote improvements in the heterogenous Nuclear Magnetic Resonance Spectroscopy (NMR)-measured lipids in older AA MCI subjects.
To inform the effects of physical activity on lipids and lipoprotein metabolism on CVD, we evaluated blood lipids using NMR-measured lipoprotein (NMR-lipid) subclass analysis in AAs with MCI. In this pilot study, traininginduced change in lipid particles was examined in elderly AAs with MCI following 6-month of aerobic or stretch exercise program. Also, we examined the relationship between change in serum BDNF and changes in lipid particle sizes as it relates to CVD risk.
Methods
The methods used for this study have been previously reported. 13 Briefly, the protocol was approved by the Howard University Institutional Review Board, and informed consent was obtained from all participants prior to the sample collection and intervention. Volunteers were recruited through a newspaper advertisement, direct mailing, health fairs, and hospital clinics. Of those who completed the intervention, seventeen older AA volunteers confirmed to be MCI randomly assigned into a six-month program of either aerobic or stretch exercise had NMR data. Participants underwent 40 mins of supervised training three times/week. VO 2 Max was determined at baseline and repeated after subjects completed the 6-month exercise program.
Screening Phase I And II
The inclusion criteria were age >55 years, ability to perform vigorous exercise without causing harm to self, meeting study criteria for MCI, having a study partner, in general good health, willing to exercise for study duration, and being able to undergo all required assessments. Chicago Illinois). Prior to treadmill screening tests, all participants had brain MRI to exclude significant intracranial pathology. Before randomization, study partners and subjects maintained regular caloric intake during the study period, while on an American Heart Association Step 1 diet: (<30% of energy from fat,~55% from carbohydrate, 15% from protein, and cholesterol intake <300 mg/day).
Randomization, Blinding, And Baseline Testing
After randomizing volunteers into exercise intervention (n = 14) and control (n = 15) groups, baseline tests were performed. All staff, except those directly monitoring exercise training, were blinded to group assignments. The data were de-identified using assigned unique identifiers for labeling and tracking. After dietary stabilization, randomization, and familiarization with screening treadmill tests, additional treadmill tests were performed to determine baseline VO 2 Max and endurance capacity, using a modified Bruce protocol. Discontinuation criteria for these tests were similar to those used for the screening tests. Twelve hours prior to drawing blood for baseline tests, participants were instructed not to eat or use alcohol, use anti-inflammatory medication, smoke or perform any exercise in 72 hrs before testing. Participants who had an infection in the week before testing were excluded from the study.
Aerobic Exercise Training And Stretch Protocol
Details of this protocol have been previously described. Both the intervention (aerobic exercise) and control (stretch exercise) groups underwent supervised exercise training three times/week lasting 6 months. Initial training sessions lasted 20 min at 50% VO 2 Max, as previously reported. 15 During each session, training duration increased by 5 min/week until subjects completed 40 min of exercise at 50% VO 2 Max. Then, training intensity increased by 5% VO 2 Max weekly until achieving 70% VO 2 Max. Participants were instructed to add an unsupervised 45-60 min lower intensity walk on the weekend after the first 4-6 weeks of exercise. Stretch activity consisted of exercise positions that produced a slight pull on the muscle but not to the point of pain while maintaining stretch positions for 15-30 s. Because static but not a dynamic stretch of joints increases flexibility, joint range without motion loss have minimal impact on VO 2 Max. 18 Each stretch was directed at often tight muscles (hamstrings, hip flexors, calves, and chest), and repeated slowly 3-5 times on each body side three days/week using different positions for about 40 mins. 19 After a 6-month aerobic and stretch exercise program, all baseline tests including VO 2 Max, lipid particles were repeated under similar standardized conditions and processes.
BDNF And Blood Lipid Analyses
Blood lipid particle sizes were measured using NMR spectroscopy, 20 a technique that simultaneously quantifies the number and sizes of very low-density lipoprotein (VLDL NMR ), low-density lipoprotein (LDL NMR ), and highdensity lipoprotein (HDL NMR ) particles, expressing each as a lipoprotein particle concentration (particles/L), or as an average particle size measured in nanometers, [lipoScience, Chicago Illinois]. 21 Serum BDNF levels were quantitatively determined using the human BDNF ELISA kit (Abcam, Cambridge, MA USA) as reported previously. 13 
Statistical Methods
We used descriptive statistics to assess patient baseline clinical and demographic characteristics associated with the exercise testing groups (aerobic vs stretch). For categorical variables, the counts (proportions) were obtained and evaluated for significant differences using chi-square and Fisher's exact tests. To test for differences in baseline characteristics in aerobic versus stretch groups, we performed an analysis of variance (ANOVA) for continuous variables to assess significant differences in means. Wilcoxon's rank-sum test was applied for comparisons of non-normal continuously distributed data. The association between exercise and change (baseline vs 6-month) in particle size was tested using GLM models. Potential confounders of the association between change in particle size and exercise were included in a multivariable logistic regression analysis (variables are presented as estimates, standard errors and p-values). P-values less than 0.05 were considered statistically significant and confidence intervals (CI) calculated at the 95% level. All analyses were conducted using the Statistical Analysis System software 9.3 (SAS Institute, Cary, NC).
Results

Baseline Characteristics
The baseline characteristics ( Training-Related Change In BDNF And Lipid Particle Size Table 2 represents the correlations between change in BDNF and change in lipid particle size for all study participants. Total VLDL and Chylomicron (triglyceride carrying lipoproteins) particle sizes were significantly reduced in both aerobic and stretch groups. Both correlated with change in VO 2 Max (p < 0.007), but not with change in BDNF (p < 0.0127), compared to change in large VLDL and chylomicron particles (p < 0.456; P > 0.109). Exercise training-related change in VO 2 Max was associated with a significant reduction in the levels of medium size VLDL (p = 0.050) and small VLDL particle sizes (p=0.023), suggesting that increased VO 2 Max resulted in decreased production of VLDL particles. Only medium VLDL particle size (Table 3) These results indicate a moderate negative correlation between the change in small HDL particle size and change in VO 2 Max (r = −0.581, p = 0.014), suggesting that training-related increases in VO 2 Max may significantly affect small and less favorable HDL particle size.
Effect Of Stretch And Aerobic Exercise On The Association Of Change In Lipid Particle Size With Change In VO 2 Max
The association between change in lipid particle sizes with a change in VO 2 Max in the stretch or aerobic exercise intervention is summarized in Table 4 . Unadjusted small VLDL, medium VLDL, and total VLDL and Chylomicron particle sizes were significantly associated with change in VO 2 Max (β = −1.89 SE = 0.56, p = 0.004; −0.2 SE = 0.43, p = 0.048; −0.96 SE = 0.32, p = 0.009; respectively). However, only small VLDL particle sizes remained significant (p = 0.051) after adjustment. Similarly, unadjusted change in total LDL particle sizes was significantly associated with a change in VO 2 Max (p = 0.037) but not after adjustment (p = 0.082). Unadjusted analysis of the entire sample showed that change in total LDL particle size was significantly associated with a change in VO 2 Max (β = −14.36, SE = 6.29, p = 0.037). Following adjustments for age and gender, the relationship between change in small VLDL, medium VLDL and total VLDL and Notes: Relationships of lipid particle size and BDNF by exercise groups (baseline -6-month values). Adjusted analysis included age, gender, and baseline lipid particle size. No significant change in total LDL particle size was noted in the stretch group, pre (P = 0.482) and with adjustment for age and gender (p = 0.898). However, the relationship between change in small VLDL particle size with change in VO 2 Max (p = 0.051) remained significant. Also, change in total LDL particle sizes were significantly associated with a change in VO 2 Max after discounting the effects of age, gender and baseline particle size (β = −36.16, SE = 13.71, p = 0.046) in the aerobic group. Conversely, total VLDL & Chylomicron, medium VLDL and small VLDL particle sizes were negatively associated with change in VO 2 Max (VLDL & Chylomicron: p = 0.013; medium VLDL: p = 0.020; p = 0.021) but became nonsignificant after adjusting for age and gender.
The effect of aerobic and stretch exercise on plasma lipid particle size is summarized in Figure 1 . Whereas aerobic exercise did not change plasma high-density lipoprotein cholesterol (HDL-C) or motivated a significant decrease in plasma triglyceride, stretch exercise tended to increase HDL-C concentration but showed no effect of triglyceride. Conversely, low-density lipoprotein cholesterol (LDL-C) tended to decrease with aerobic exercise but did not change with stretch exercise, and total cholesterol concentration remains unchanged in both exercise groups.
Discussion
This pilot study examined the effects of a 6-month exercise aerobic and stretch exercise program on traininginduced changes in blood lipid concentration, particle sizes, and BDNF, in mild-cognitively impaired elderly AA MCI Volunteers. Because NMR-lipids are heterogeneous with respect to particle diameter and size, and therefore, functional property; they better reflect associated CVD risk and potentially lipid-related cognitive risk. 21 Although prospective studies have reported an increase in total HDL cholesterol concentration with regular physical exercise training, 22, 23 low concentrations of HDL are associated with higher serum TG concentrations and an increased number of the small dense LDL particles as observed in the present study. This relationship referred to as the lipid triad or atherogenic dyslipidemia usually appears in persons with typical characteristics such as obesity and elevated BMI (Table 1) . It is also known that small HDL and small dense LDL particles tend to correlate with the concentration of VLDL, 23 and because VLDL particles are the substrate for HDL, lower levels due to fasting or postprandial VLDL production may contribute to decreases in small HDL particles. 24 Aerobic excise, therefore, not only reduced the small HDL particles but also resulted in the reduction of total LDL particle size with increase VO 2 Max or cardiorespiratory fitness. Evidence suggests that serum brain-derived neurotrophic factor (serum BDNF) can be influenced by corticotropinreleasing factor (CRF), 25 although this relationship is far from clear. In this study, we also examined the association between serum BDNF and lipid particle sizes, as cardiovascular disease risk factors. The results showed a reverse association between serum BDNF and the triacylglycerol carrying lipoproteins, suggesting that increased cardiorespiratory fitness may reduce the risk for CVD. Also, exercise (aerobic or stretch) induced a negative correlation between the change in small HDL particle size and change in VO 2 Max. This observation agrees with our conclusion that increases in VO 2 Max resulted in significant decreases in TG carrying lipoproteins (VLDL) and may explain the observed decreases in the level of small less favorable HDL particle size. Through a pilot study, the strengths of this study were 2-fold. The study population consists of mostly elderly AA MCI subjects on whom there is a paucity of data. In addition, the study employed a very rigorous, supervised, and randomized control trial of a 6-month aerobic and stretch exercise training.
Conclusion And Limitation
Results from this pilot study showed that increased VO 2 Max (a measure of cardiovascular fitness) positively influenced change in HDL particle sizes and decreased the level of less favorable VLDL & chylomicron (TG carrying particles) in AA subjects with MCI. Further, basal serum BDNF inversely associated with cardiorespiratory fitness and positively associated with cardiovascular disease risk factors such as reduced blood level of VLDL & chylomicron particle sizes. In a recent longitudinal study, 26 serum BDNF was positively associated with a composite z-score of cardiovascular risk factors. The association appeared to be mainly driven by the association between TG, HOMA-IR and serum BDNF, and particularly for males. The current pilot study found this temporal relationship between BDNF and cardiovascular risk factors in females following exercise. The reverse association between serum BDNF and the triacylglycerol carrying lipoproteins is associated with increased cardiorespiratory fitness, increased HDL-C and reduction in the risk for cardiovascular disease. However, more research is needed to determine whether the health benefit of increased serum BDNF concentration, and reduced triglyceride and cholesterol carrying particles may be in part, associated with cardiorespiratory fitness. We speculate that the effect of exercise and BDNF may be symbiotic in that, exercise may increase BDNF levels which in turn decreases lipid particle sizes and simultaneously increased brain volume which is beneficial to cognition. Limitations of this study include small sample size and dropout rates (~30%) which may have resulted in uneven distribution of participants within randomized groups, and perhaps, influenced our observations. It is possible that in the absence of these limitations, aerobic exercise would be more effective in reducing the CVD risks in MCI and/or CVD in this population. Nonetheless, our findings remain a significant contribution to the literature, given that, we are first to preliminarily conduct the most rigorous, supervised and randomized exercise training in older AA MCI subjects. Future studies in the population must address alternative means to bolster enrollment and reduce the dropout rate.
Highlights
• Stretch and aerobic exercises are equally beneficial in changing the lipid profile of elderly subjects with MCI • Increase in VO 2 Max significantly decreases total VLDL and chylomicron particle sizes • Exercise decreases TG/HDL ratio in elderly subjects with MCI • One of the few unique studies using minority, elderly participants with MCI • ClinicalTrials. 
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